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SEALED NICKEL CAcklIUM BATTERY PROGRAM 

' OF - 
CELLS DESIGNED FOR USE IlV SPACE(.TWFI! 

National Aeronautics and Space Administration Purchase Order 
Number w11,2 52B 
NASA ltr BRA/VBK/@ of 25 September 1961 w/EAIwEps firat end 
FQ-ltWSK of 2 October 1961 to CO NAD Crane 
PrelimJnRmr Work Statement for Battery Evaluation Progrem of 
25 August 1961 
National Aeronautics and Space Administration Preliminary 
Specification "Environmental Exposures and Teste for 
Subassemblies of International Ionosphere Satellite S - S "  
of 7 February 1961 
MIL-E-5272C(ASG) Amendment 1 

I. TEST ASSIGNMENT BRlEF. 

A. In compliance with references (a) and (b), evaluation of Sealed 
. Nickel Cadmium Cells was begun according to the program outline of 

reference (c). 
tions. 

References (a) and (e) are Environmental Test Specifics- 

B. 
information comerning sealed nickel cadmium cells designed for  use i n  
spacecraft. Information concerning the performance characteristics and 
limitations, including cycle life under various electrical and environ- 
mental conditions, will be of interest to power system designers and 
users. Cellweaknesses, including causes of failure of present designs, 
WiU be of interest to suppliers as a guide to product improvement. 

Space Administration (NASA) *om four manufacturers, and consist of 
seven sample classifications ranging from 3 to 20 ampere hours. 

The object of this evaluation program is to gather specific 

C. A total of ll00 cells was purchased by Rational Aeronautics snd 

D, The program is divided into three main sections consisting of 
Acceptance Tests, General Performance Tests and Cycle Life Tests. 

E. This report is the sixth of a series of seven of the General 
Performance Test Section. 
tests of five I 2  ampere hour size cells supplied by the General Electric 
Company, Gainsville, Florida. 
by the manufacturer. 

It gives the results of the characterization 

These cells are rated at 12.0 8mpere hours 
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11. SUMMARY OF RESULTS. 

A. The c e l l s  were capable of  withstanding the Vibration, Mechanical 
Shock, and Acceleration requirements. 

B. Temperatures below and above 25" C. imposed the  primary l i m i t a -  
t ions  on the charge acceptance and the discharge capacity of the  cel ls .  

1. A t  25" C. the on charge voltage never reached t h e  maxlmum 
l i m i t  of 1.50 vo l t s / ce l l  at  either the c/10 o r  c/5 charge r a t e ,  
comparison of the  discharge capacit ies show t h a t  the  discharge capacity 
at  the  c/5 ra te ,  when preceded by a charge at t h e  c/10 rate was about 
12 percent higher than when preceded by a charge at  the  c/5 rate. 
However, at  the  c/2 rate, t h e  dischsrge capaci t ies  when preceded by 
e i t h e r  the  c/10 o r  c/5 rate were equal. 

A 

2. A t  0" C. the on charge voltage reached the maximum l i m i t  of 
1.50 vo l t s / ce l l  at  about 75 percent of the  chargirig period on a l l  of t h e  
recharges at the  c/10 r a t e  and on about 80 percent of the recharges at  
the  c/5 ra te .  The capaci t ies  a t  the c/2 discharge rate, when preceded 
by charge r a t e s  of c/10 and c/5 averaged 3.2 percent and 4.6 percent 
respect ively over t h e i r  average capacities at 25" C. 
i t y  a t  the  c/5 r a t e ,  when preceded by a charge at t h e  c/10 r a t e ,  averaged 
2.5 percent over the  capacity measured at 25" C. 
the  c/5 rate, when preceded by a charge at the  c/5 rate, although compa- 
rab le  t o  the other capaci t ies  measured at 0" C., averaged 14.6 percent 
more than when measured at 25" C.  

Similarly, the capac- 

However, the capacity at 

3. A t  50" C. the  on charge voltage never reached the  maxlmum 
l i m i t  of 1.50 vol t s /ce l l ,  
r a t e s  appeared t o  have an additional or  secondary influence on the  dis- 
charge capacity of the  c e l l s ,  
t h e  c/5 r a t e  averaged eight percent l e s s  when previously charged at t h e  
c/5 r a t e  than when previously charged a t  t h e  c/10 r a t e .  
caFacit ies of the c e l l s  measured at  t h e  c/2 r a t e  averaged seven percent 
l e s s ,  when previously charged at the c/5 r a t e ,  than when previously 
charged at  the  c/10 rate. The inefficiency of charge acceptance at t h e  
c/10 and c/5 r a t e s  l imited the  capacit ies at  the  c/5 rate t o  48.8 and 
and 49.9 percent respectively o f t h e  25" C. capacit ies.  
ineff ic iency of charge acceptance at t h e  c/10 and c/5 r a t e s  l imi ted  t h e  
capaci t ies  a t  the c/2 r a t e  t o  44.3 and 40.9 percent respect ively of t h e  
25" C. capacit ies.  

The charge r a t e  i n  combination with discharge 

The capaci t ies  of the  c e l l s  measured at 

Likewise, t h e  

Likewise, t h e  

C. The c e l l s  at  0" C, were incapable of accepting a continuous over- 
charge at a r a t e  of c/10 o r  higher as a maximum on charge voltage l i m i t  
of 1.55 vo l t s / ce l l  w a s  reached prematurely. 
25" C., the c e l l s  a r e  capable of withstanding overcharges up t o  t h e  c / 2  
r a t e  although two of the  c e l l s  did f'unction at  the  c / l  rate. Indicat ions 
a r e  t h a t ,  at  50" C., t he  c e l l s  are  capable of withstanding overcharges at 

Indications a r e  that, at 
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the  c/2 r a t e  although four of the '  five c e l l s  f'unctioned at  t h e  c / l  ra te .  
One c e l l  w a s  discontinued a t  the c / l  rate because of rapid increase of 
c e l l  temperature which may have indicated the first stage of thermal. 
runaway. These high r a t e  overcharges w e r e  accomplished during t h e  over- 
charge sequence which began with the c/10 r a t e  and w a s  increased by s t eps  
t o  the  c / l  r a t e ,  after s tab i l iza t ion  of  voltage at each preceding charge 
ra te .  
beyond the c/10 rate when applied i n i t i a l l y  t o  a f u l l y  charged c e l l ,  
without reaching the  maximum voltage l i m i t  of 1.55 vo l t s / ce l l  before 
voltage s tab i l iza t ion .  

\ 

It i s  questionable whether the c e l l s  could have been overcharged 

D. Charging eff ic iency was l imited by temperature. 

1. A t  0" C. the  voltage l i m i t  of 1.50 vo l t s / ce l l  was reached at 
each charge rate at  approximately t h e  "knee" of t he  curve with t h e  excep- 
t i o n  of the  two c e l l s  at the  c / l  ra te  that l imited before t h e  "knee" was 
reached. The maximum capacity of all c e l l s  at  all charging rates ranged 
from 74 t o  113 percent of t h e i r  actual capaci t ies  of t he  acceptance tests 
at 25" C. 

2.  A t  25" C. the  voltage l i m i t  was reached at  the  c/5 and c / l  
A t  t h e  c/24, charge r a t e s  before the  "knee" of the curve was reached. 

~ / 1 6  and c/10 charging r a t e s ,  the maximum discharge capacity w a s  reached 
at  approximately 100 t o  125 percent of  the  ra ted  capacity recharge. 
preceded by the  c/5 and c / l  charge r a t e s ,  the maximum capacity was reached 
at approximately 250 percent of the ra ted  capacity recharge. 
capacity of the  ce l l s ,  i n  percentage of t he  acceptance test capaci t ies ,  
following each of t h e  charge r a t e s ,  ranged from 55 percent following t h e  
c/24 charging r a t e  t o  110 percent following the c/5 charging rate. 

When 

The maximum 

3. A t  50" C. t he  voltage l i m i t  of 1.50 vo l t s / ce l l  was not reached 
at  any of the  charge ra tes .  
50" C. at all charging r a t e s  allowed a maximum discharge capacity, i n  
percentage of acceptance t e s t  capacit ies at 25' C., of o d y  29 percent 
following the  ~ / 1 6  charging rate t o  50 percent following t h e  c / l  rate. 

The inefficiency of  the  charge acceptance at 

iii 



RESULTS OF GENERAL FERFOFU 

OF - 
NCE TESTS 

12.0 AMPERF: HOUR SEALED NTCKEL CACMIUM CELLS 

MANUFACTURED BY 

GENERAL ELEXTRIC COMPANY 

I. INTRODUCTION. 
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A. 
on f ive  ce l l s ,  following completion of t h e  acceptance t e s t s  of t he  200 
ce l l s .  

On 11 Ju ly  1963, t h i s  ac t iv i ty  began the  General Performance Tests 

The general performance t e s t s  were completed on 1 5  November 1963. 

B. The f ive ce l l s  chosen fo r  the general performance t e s t s  consisted 
of t w o  with ac tua l  capaci t ies  above the  average of t h e  200 accepted c e l l s ,  
one w i t h  capacity approximately equal t o  the average, and t w o  with capac- 
i t i e s  below the average. 

' 

11. TEST CONDITIONS. 

A. The general. performance or  characterization tests were performed 

The t e s t s  and t e s t  temperatures were as follows: 
at  ex is t ing  r e l a t i v e  humidity and atmospheric pressure and at three 
spec i f ic  temperatures. 

1. Vibration Test at room ambient temperature. , 

2. Nechanical Shock Test at room ambient temperature. 

3. Acceleration Test a t  room ambient temperature. 

4. 
and 50" C. 

Charge and Discharge Voltage versus Time a t  0" C., 250 C., 

5.  Overcharge Characterist ics at 0" C., 25" C., and 50" C. 

6. Charging Efficiency a t  0' C., 25" C., and 50" C. 

B. A l l  charging was by modified constant current with a voltage l i m i t .  
A l l  discharges were constant current. 

111. CELL IDENTIFICATION AND DESCRIPTION. 

A.  The f ive  ce l la  used for these t e s t s  were picked from the 200 c e l l s  
The capacity of c e l l s  33-24 and 33-29 was on the  acceptance t e s t  section. 

above the average of the  200 ce l l s ,  c e l l  11-7 approximated the average 
capacity and c e l l s  4-16 and 4-20 were below the  average capacity. 

1 



B. The 32.0 ampere hour ce l l  i s  rectangular in  shape with an 
average height (base t o  top  of negative terminal) ,  length and width of 
4.59, 1.ll and 3.02 inches respectively. The average weight was 562.0 
grams. 

C. The c e l l  container o r  can, and the  c e l l  cover are made of 
Both terminals are insulated from t he  cell cover by s t a in l e s s  steel. 

a ceramic s e a l  and protrude as 1/4-20 threaded posts. 

N. TEST PROCEDURES AND RESULTS. 

A.  Sinusoidal Vibration Test. 

1. Each c e l l ,  f’ully charged, was individual ly  mounted in a r igid 
t e s t  fixture attached t o  the  t ab le  of a M. B. Electronics Model C-10 
vibrator.  
fixture near the  mounting points. 

The amplitude or  acceleration was monitored on t h e  test 

2. Each c e l l  i n  turn, was then subjected t o  the sinusoidal 
vibrat ion t e s t  conditions given i n  paragraph 3.2.k.l.2.l of reference 
( d ) ,  which s ta ted  tha t  the  applied f’requency shall be swept from the 
lowest t o  the highest frequency, once f o r  each range and f o r  each axis 
specif ied i n  the following schedule. 

SIIRJS0IDAI.t SWEEP SCHEDULE 

Frequency Test Time Acceleration 
Range - cps Minutes gs, 0 - t o  - Peak 

io - 50 1.66 2.3 (4 
50 - 500 1.66 10.7 

500 - 2000 1.00 21.0 

2000 - 3000 0.30 54.0 

3000 - 4500 0.36 21.0 (b) 

5.00 M F ~ .  
Each Axis 

NOTES: . (a) Within maximum amplitude l i m i t  of vibrat ion exci ter .  
(b) Within maximum frequency l i m i t  of  vibrat ion exci ter .  

3. During the  applied vlbration, t h e  c e l l s  were discharged at a 
r a t e  of c/5 amperes. 
monitored fo r  evidence of c e l l  malf’unction during applied vibration. 

The discharge current and terminal voltage were 

2 



After the vibrat ion t e s t ,  the  c e l l s  were v isua l ly  examined fo r  evidence 
of mechanical damage and checked by l i t m u s  paper f o r  e lec t ro ly te  leakage. 

B. Random Motion Vibration. 

1. Following the sinusoidal vibration, each c e l l  was subjected 
t o  gaussian random vibrat ion applied t o  each ax i s  with the  "g-peaks" 
clipped a t  three times the  root-mean-square accelerat ion specif ied i n  
the schedule. 
and Y-Y axes. 
w a s  equalized with peak-notch f i l t e r i z a t i o n  such that the  specif ied power 
spec t r a l  density .(PSD) values were within f 3 db throughout t h e  frequency 
band, 

The vibration w a s  applied successively t o  the  Z-Z, X-X, 
With t h e  c e l l  instal led,  the  control  accelerometer response 

RAmDoM V I W I O N  S C H E W  

Frequency Test PSD Approx bat  e 
Range Duration Level Acceleration 

cps Minut e s $/cps g-ms 

20 - 2000 4 Each 0.07 11.5 (a) 
Axis 

NOTE: (a) Within amplitude l i m i t  of vibrat ion exci ter .  

2. There were no f a i lu re s  of t h e  five c e l l s  subjected t o  the  
vibrat ion t e s t s .  

C. Mechanical Shock Test. 

1. 
t h e  vibrat ion t e s t .  

Each c e l l  w a s  charged a t  t h e  c/10 rate fo r  16 hours following 

2. Each r u l l y  charged c e l l  was mounted i n  a r i g i d  t e s t  f ix ture .  
The f ix tu re  and the  c e l l s  were mounted on the  Bazry Ty-pe 16805 Shock 
Machine. Each c e l l  was subjected t o  18 impact shocks as outlined i n  
Procedure V, paragraph 4.15.5.1 of Specification MIL-E-5272C(ASG), 
reference (e),  except that 40 G ( for  11 k 1 milliseconds) was used i n  
l i e u  of 15 G. Three shocks were applied i n  each d i rec t ion  of each of 
t h e  three  mutually perpendicular axes of the  ce l l s .  

3. During the  shock t e s t ,  t he  c e l l s  were discharged at a rate of 
c/5 amperes. 
a t  t h e  moment of impact f o r  evidence of malfunction of any ce l l s .  

The discharge current and terminal voltage were monitored 

4. A t  the  conclusion of the t e s t ,  t h e  cells were examined for 
mechanical damage and checked wl th l i tmus  paper for  e lec t ro ly te  leakage. 

3 



5. There were no failures of t h e  f ive  c e l l s  subjected t o  t h e  
mechanical shock t e s t s .  

D. Acceleration Test. 

1. Each c e l l  was charged at  c/10 r a t e  fo r  16 hours following t h e  
mechanical shock t e s t .  

2. Each f'ully charged c e l l  was mounted In  a r i g i d  fixture attached 
t o  the  Genisco Model (2-159 Centrifige. The c e l l  was then subjected t o  the  
acceleration t e s t  conditions specified in paragraph 3.2.5.1.2 of reference 
( d ) ,  Accelerations were i n  t h e  order l i s t e d  belowr 

Axis Acceleration Duration 
Direct ion Gravity Units (G)  Minutes 

+Z 28.0 5.0 

-X 12.0 0.5 

3 -  During the  a c c e l e r a t i o n t e s t s ,  the  c e l l s  were discharged a t  
a rate of c/5 amperes. The discharge current and terminal voltage were 
monitored fo r  evidence of cel lmalfbnct ion during t h e  accelerat ion tes t  
periods. 

4. A t  t he  conclusion of the tests, the  c e l l s  were examined fo r  
mechanical damage and checked with l i t m u s  paper fo r  e l ec t ro ly t e  leakage. 

5.  
accelerat ion t e s t s .  

There were no f a i lu re s  of t he  five c e l l s  subjected t o  t h e  

E. Charge and Discharge Voltage Versus Time. 

1. 
pos i t ive  terminal, were placed i n  a temperature chamber and allowed t o  
s t a b i l i z e  at  0" C. 

The f ive  ce l l s ,  each with a thermocouple attached t o  t h e  

2. The f ive  c e l l s  were subjected t o  t h e  charge and discharge 
sequence l i s t e d  below: 

4 



. 
r . 

Charge 

c/10 - 

c/13 - 

c / 5  - 
8 ~-irs 

c/5 - a ~r~ 

16 bS 

16 H ~ S  

Discharge 

c/5 t o  
0.9 v o l t s  

c/2 t o  
0.9 vo l t s  

c/5 t o  
0.9 Volts 

No. of Charge 
Cycles Temperature Data Voltage 

Cell* Limited t o  
w !O" c. Voltage Time Temp. 1.5 V / C e l l  

Cell* Limited t o  
w 0" c. Voltage Time Temp. 1.5 V / C e l l  

C e l l *  Limited t o  
w 0" c. Voltage Time Temp. 1.5 V / C e l l  

Cell* Limited t o  
2mc j. 0" c. Voltage Time Temp. 1.5 V / C e l l  

* Cell  temperature measured by thermocouple. 

* Each c e l l  w a s  subjected t o  two or more cha rge -d i scbge  cycles, u n t i l  
r epea tab i l i t y  of data was sat isfactory.  

3. Upon completion of the above sequence, t he  t e s t s  were repeated 
f o r  25" C. and 50" C. ambient temperature conditions. 

4. The r e s u l t s  are shown graphically with c e l l  charge and discharge 

Figure 21 is  a graphic summary 
voltages versus time as a €unction o f  rate of charge, rate of discharge and 
ambient temperature on Figures 1 through 20. 
of the  da ta  of  Figures 1 through 20. 

5.  There were no c e l l  fa i lures  during any port ion of these tests. 

F. Overcharge Character is t ics .  

1. The five discharged ce l l s  were allowed t o  s t a b i l i z e  at 0' C. 
"ne c e l l s  were then subjected t o  the overcharge sequence l i s t e d  belowt 

a. Charge a t  c/10 for 16 hours. 

b. 

c. 

d. 

Charge a t  c/10 until t h e  c e l l  voltage s t ab i l i ze s .  

Charge at c/8 u n t i l  t h e  c e l l  voltage s t ab i l i ze s .  

Charge at c / 6  u n t i l  t he  c e l l  voltage s t ab i l i ze s .  

e. Charge at c/4 u n t i l  t h e  c e l l  voltage s t ab i l i ze s .  

f .  

g. 

Charge at c/2 u n t i l  t h e  c e l l  voltage s t ab i l i ze s .  

Charge at c / l  u n t i l  the  c e l l  voltaae s t ab i l i ze s .  

5 
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2. Upon completion of the above sequence, the  t e s t s  were repeated 
for  25" C. and 50" C. ambient temperature conditions. 

3. On a l l  t e s t s ,  the  voltage l i m i t  wa5 1.55 vo l t s  per  c e l l ,  and 
the  c e l l  temperature l i m i t  was'77' C. Exceeding e i t h e r  l i m i t .  terminated 
the test  at t h a t  temperature. 

4. Table I shows the  c e l l  temperature as compared t o  t h e  ambient 
teEperature at  the  voltage s tab i l iza t ion  point of each charging ra te .  
Where "voltage l imited" is  noted, the c e l l  voltages increased t o  the l imi t -  
ing value of 1.55 vo l t s  at t h e  respective charging rate without reaching 
a s t ab i l i za t ion  point . 

5. The r e s u l t e  are shown graphically on Figure 22 aa a plot of 

There were three fai lures  at t h e  c / l  charge rate at 25" C. 
Cells 4-20, 33-24 and 33-29 experienced thermal runaway at t h e  c / l  charge 
r a t e ,  shorted out internal ly ,  and bulged due t o  high internal pressure 
which broke the b o l t s  holding the  metal res t ra iners .  

t h e  c e l l  voltage versus the  log o f t h e  charging current. 

6. 

7. These three c e l l s  were replaced by c e l l s  4-24, 11-11 and 33-5. 
The overcharge sequence at 50" C. was then run. 
Imctioned at the c / l  rate. 
due t o  s t ead i ly  increasing c e l l  temperature. 

Four of t he  five c e l l s  
One c e l l  was discontinued a t  t h e  c / l  rate 

G. Charging Efficiency. 

1. A t  t h e  completion of the overcharge charac te r i s t ics  sequence, 
the c e l l s  were discharged a t  t h e  c/2 r a t e  t o  1.0 vol t  per  c e l l .  

2. The f ive  c e l l s  were then divided i n t o  three  groups as 

a. One group of two ce l l s  (one above average and one 
average) t o  be t e s t e d  a t  0" C. * 2' C. 

r 

b. One group of one c e l l  (average c e l l )  t o  be t e s t ed  
25" c. +_ 2" c. 

c. One group of two ce l l s  (one above average and one 
average) t o  be t e s t ed  at  50" C. k 2" C. 

follows : 

below 

at 

below 

3 .  A t  each temperature, the charging ef f ic ienc ies  of each of t h e  
f ive  charglng r a t e s ;  c/lO, c/24, ~/16,  c/5 and C / l j  were determined by a 
s e r i e s  of charges a t  each given rate a t  designated increased time periods 
followed by discharges t o  1.0 vol t  per c e l l  u n t i l  t he  charge ampere hours 
versus the discharge ampere hours indicated the  "knee" had been reached and 
ve r i f i ed  as shown i n  Figures 23 through 27, The duration of the  i n i t i a l  
charge at  each rate w a s  one-half of the  number of hours required f o r  100 
percent charge . 

6 
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4. A normalizing cycle consisting of a c/5 charge for 8 hours and 
a c/2 discharge to 1.0 volt was given all cells after each set of charge 
rate tests before proceeding to the next series. 

5. A sample run for the c/10 charging rate was as follows: 

a. Recharged at c/10 for 5 hours. 
Discharged at c/2 to 1.0 volt. 

Recharged at c/10 for 6 hours. 
Discharged at c/2 to 1.0 volt. 

b. 

c. Recharged at c/10 for 7 hours. 
Discharged at c / 2  to 1.0 volt. 

d. Recharged at c/10 f o r  "X" hours. 
Discharged at c/2 to 1.0 volt. 

NOTE: X = number of hours necessary to indicated that the 
"Knee" of the Charge Ampere Hours versus Discharge Ampere Hours has been 
r eac he d . 

7 



I . 

I. 
temperatures at the  s t ab i l i z ing  point of each charging rate. 

Table I shows t h e  c e l l  temperatures as compared t o  t h e  ambient 

11. FIGURES. 

A. Figures 1 through 20 a re  graphs showing charge and discharge 
voltages versus time as a function of  rate of charge, rate of discharge 
and ambient temperature. 

B. Figure 21 is a graphic summary of t h e  data of Figures 1 through 
20. 

C. Figure 22 is a graph showing overcharge charac te r i s t ics .  

D. Figures 23 through 27 are graphs showing the  charging e f f i c i enc ie s  
as a plot of charging ampere hours versus discharging ampere hours. 

8 
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TABLE I 

Cell Ambient 
Dmber Temperature 

11-7 0" c. 
33-24 0" c. 

33-29 0" c. 
4-20 0" e. 

Stabilizing Temperature (" C.) 
c/10 . c / 8  c 6  c 4  c /  2 c/ 1 

Charge Charge Charge Charge Charge Charge 

1.11 - _ - - - -  VOLTAGE LIMITED - - - - - - - 

11-7 250 c. 31.1 28.9 27.2 30.0 39 -4 a . 9  

33-24 250 c. 32.2 30.6 29 -4 33.3 46.1 Thermal 
Runaway 

33-29 250 e. 32.2 30.6 29.4 34.4 47.*8 Thermal 
-way 

4-20 25" c. 32 .2 30.6 30.0 35.0 47.8 Thermal 
Runaway 

4-16 25" c. 32.2 30.0 28.9 32.2 43 -3 71.1 

11-7 53" e. 51.1 51.7 52 -8 54 -4 63 -3 68.3 

33-24 50" c. 51.1 52.8 54 94 57-8 63 -9 71.1 

33-29 50" c. 51.7 53.3 55.6 59 94 63 e 9  76 .7 

4-20 50" c. 51.1 52.8 53 -3 56.1 60.6 65.6 

4-16 50" c. 50.6 51.7 51.7 52 .8 57 -8 61.7 

9 
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